Background: Fatigue is attributable to physical and psychological stress. Fatigue is also a
Accordingly, fatigue from stress also continues to increase.
It has been shown that acute or short-term fatigue can change innate and adaptive immune responses [2] . This may lead to alterations in various immune cell numbers, as well as immune cell function, and may enhance active immunosuppressive mechanisms which involve regulatory T cells. It may also lead to dysregulation of immune function, promoting pro-inflammatory and type-2 cytokine-driven responses [2] . As a result, stress is associated with upper respiratory tract infection (URTI) symptoms and changes in immune biomarkers [5] [6] [7] [8] .
Beta-1,3/1,6 glucan (BG) obtained from baker's yeast (Saccharomyces cerevisiae) has demonstrated beneficial effects on the immune system, which may also lead to health benefits in humans. These benefits include reduction in URTI symptoms and improvements in the ability to resist the effect of stress on health and well-being in human beings [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Supplementation with BG has been reported to affect the alleviation of fatigue and stress associated with strenuous and intense physical exercise, such as marathon races [10, 15] . Yeast BG is commercially available in tablets and hard capsule products, or as BG in powder form added to conventional food and beverage products within various countries.
This research investigated whether BG is a suitable ingredient for black koji vinegar (Moromisu), since a wide variety of vinegar is commonly used as a beverage and frequently consumed in Japan. Additionally, we obtained a water-soluble BG (commercial name: Wellmune) to prepare a suitable beverage format. We selected the Moromisu vinegar, taken from the extraction of Awamori (typical Okinawa liquor) post-distillation slurry (Awamori-residue), which is produced during the course of Awamori production. Although the health benefits of the vinegar have not been scientifically proven, consumers still take the vinegar to maintain their healthy physical condition and well-being. In this study, a double-blind, randomized, placebo controlled, crossover trial was designed using a water-soluble BG formulated in the Moromisu.
The vinegar contains amino acids, citric acid and other constituents; its general nutritional profile is described in Table 1 . The vinegar by itself was the placebo and the Moromisu with added BG was the treatment sample. The nutritional profile of the Moromisu with added BG is also shown comparatively in Table 1 . We employed the Profile of Mood State (POMS) survey to examine physical and psychological stress during a non-strenuous daily lifestyle for the first time.
Previous studies have primarily tested subjects under strenuous exercise [10, 15] . 
METHODS
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Page 148 of 154 Subjects: The study was conducted in accordance with the Declaration of Helsinki involving humans, and was also approved by the Institutional Review Board (IRB) of University of the Ryukyus (Approval No. 245). Subjects signed informed consent agreements after the study details were fully explained, and then screened on the inclusion/exclusion criteria as shown in Table 2 . The subjects who met the criteria were selected for the study. Fourteen healthy men (n=10) and women (n=4) participated in the study. Characteristics of the subjects are described in Table 3 . Table 2 . Inclusion and exclusion criteria used screening subjects for the study Table 3 . The content of BG in the treatment sample was confirmed by analysis, using a previously reported assay method [18] . All samples were provided to the research team using random code numbers. The values are mean ± SEM.
Experimental design:
A randomized, placebo-controlled, double-blind, crossover study with an 11-day washout period was performed between October 20 and December 22, 2014. Each subject took a 50-ml serving of the vinegar product, with or without 300 mg of BG, for 10 days.
Subjects were randomly assigned to placebo (vinegar) and treatment (vinegar and BG). In the crossover study, each subject ingested the sample beverage with or without the BG for 10 days.
An 11-day washout period followed, before crossover to the alternate treatment or placebo for a subsequent 10-day period. The POMS survey was conducted on day 1, day 10, day 21, and day 31 as described in Figure 1 .
Profile of mood states:
We employed the Profile of Mood States (POMS) survey [19, 20] to assess 6 primary psychological factors (tension, depression, anger, fatigue, vigor or confusion).
This methodology is widely known and well-established [19] . The POMS questionnaire consists of 65 items, with each item scored on a 0-4 scale (0=not at all, 4=extremely). The 65 adjective responses are classified into the aforementioned 6 factors, and data is collected, tabulated, scored and analyzed in accordance with the POMS methodology. Statistical Analysis: All questionnaires were collected by the research team. Data was identified by subject number, and was also checked for accuracy and completeness. The obtained data was analyzed using Welch's t-test, where differences were considered significant at p<0.05.
RESULTS
The statistical analyses reported the test statistic p-value. All data is expressed as mean±SEM, unless otherwise specified. The study aimed to measure the factors in POMS, to evaluate the effects of BG on stress derived from non-strenuous daily lifestyle, including sedentary and slight to moderately exercise-oriented lifestyle in healthy subjects. No subjects dropped out of the study; every subject completed the test.
We noted that mood state responses for fatigue and confusion were significantly (p<0.05) reduced following 10 days of supplementation with BG ( Figure 2 ) vs the start of the treatment period. 
DISCUSSION
The present study used a crossover design, where we ensured a sufficient washout period (11 days), while a previous study used a 7-day washout period [15] . A longer washout period allows subjects to experience further normalization of their daily lifestyle, since intake of the samples or any of the vinegar-based nutritional beverages is not a common practice for all subjects. In the present trial, 300 mg of BG was added in consideration of the vinegar beverage formula used; in previous studies, 250 mg and 500 mg were found to be effective in improving POMS survey scores [9, [11] [12] [13] when taken in capsule form.
Overall, we observed significant reductions in the fatigue and confusion factors, in addition to strong statistical trends towards improved anger and vigor factors in the POMS methodology (anger; p=0.054, vigor; p=0.056). Although the number of subjects in the study was small and the supplement period (10 days) was short, we detected significant or trend differences in some of the POMS factors. Previous studies using POMS questionnaires for subjects taking BG as a supplement evaluated subjects who had undergone strenuous physical exercise, such as running for long distances [5, 16] . Findings in this present study imply that even healthy subjects who have a non-strenuous daily lifestyle may still experience a certain extent of fatigue. Consequently, one may influence stress levels experienced daily by supplementing with BG in the diet, regardless of the form of ingestion. Therefore, a large-scale randomized control trial or epidemiologically designed study should be conducted in the future in order to support the findings of this study, including further evaluation of the immune system parameters and blood chemistry.
CONCLUSIONS:
The current study indicates a water-soluble BG from Saccharomyces cerevisiae in a vinegar beverage consumed by healthy subjects for 10 days may reduce indicators of stress and fatigue, based upon the POMS survey.
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